INTRODUCTION
The genus Hantavirus of the family Bunyaviridae includes a large number of rodent-borne viruses that are distributed worldwide. These agents are enveloped, 80-120 nm in diameter, with a genome consisting of three segments of negativestranded RNA named small (S), medium (M), and large (L). The RNA segments are complexed with nucleocapsid protein (N) to form individual L, M, and S nucleocapsids. The S segment encodes the N protein, the M segment encodes a glycoprotein precursor that is processed into Gn and Gc proteins, and the L segment encodes the viral RNA polymerase. 1 The N protein is synthesized soon after infection and is the most abundant protein. The encapsidation of viral RNA by the N protein is recognized as central in virus replication, but its details are largely unknown. It is believed that by encapsidation the N protein could protect new synthesized viral RNA from degradation by nucleases. In addition, the N protein interacts directly with the cytoplasmic tail of glycoprotein G1 to initiate virion assembly. 2 The N protein induces strong humoral immune response, both in infected patients and rodents, based on three major epitopes located near the amino terminus of the N protein, which are cross-reactive among members of the genus Hantavirus . 2 Hantavirus cardiopulmonary syndrome (HCPS), a newly discovered human disease, emerged in North America in 1993 in association with exposure to aerosols of urine and feces of wild rodents of the subfamily Sigmodontinae . Soon after HCPS was described in other American countries, it became a worrisome emerging health problem in Brazil with a case-fatality rate of 39% (884 deaths as of May 2007; Brazilian Ministry of Health, unpublished data). Five types of hantavirus are known to cause HCPS in Brazil: Juquitiba virus (JUQV), Araraquara virus (ARAV), Laguna Negra-like (the original Laguna Negra virus came from Bolivia) virus (LNV), Castelo dos Sonhos virus (CASV) and Anajatuba virus (ANAV).
The diagnosis of HCPS in Brazil has been made mostly on the basis of clinical presentation, history of exposure and positivity of serum IgM or IgG antibodies to hantavirus. Performance of hantavirus serologic testing has been confined to a few government public laboratories that use an enzyme-linked immunosorbent assay (ELISA) with the N protein of Sin Nombre virus (SNV) provided by the Centers for Disease Control and Prevention (Atlanta, GA) and Andes virus (ANDV) provided by the Carlos Malbrán Institute (Buenos Aires, Argentina) as antigens.
Therefore, to supply laboratories in Brazil with a native antigen for hantavirus serologic testing, we have recently produced a recombinant homologous N protein based on the nucleotide sequence of ARAV obtained from a HCPS patient. In the present study, this N recombinant protein of ARAV was tested as antigen in an IgG ELISA and an IgM ELISA for diagnosis of human infection by hantavirus. These results were compared with those obtained with similar tests using the recombinant N proteins of either SNV or ANDV as antigens.
MATERIALS AND METHODS
Production of N recombinant protein of ARAV. The N recombinant protein of ARAV was prepared in the Virology Research Center, School of Medicine of the University of São Paulo in Ribeirão Preto, Brazil. Briefly, the N gene of ARAV was purified from the blood of a patient with HCPS, cloned into a pET200D vector, and used to transform expressioncompetent Escherichia coli BL21 star™ (Invitrogen, Carlsbad, CA). Previously, the complete 1,287-nucleotide sequence of this N gene was obtained and it showed 97% homology with a previously known sequence of ARAV. The recombinant N (rN) protein, which contained 429 amino acids and had a size of 52 kD, was purified under denaturing conditions. 3 Purified plasmid pET200D with no insert was used as negative control antigen. Abstract. Laboratory diagnosis of hantavirus cardiopulmonary syndrome (HCPS) in Brazil has been performed mostly by detection of IgM antibodies to recombinant antigen purified from Sin Nombre virus and Andes virus (ANDV). Recently, a recombinant nucleocapsid (rN) protein of Araraquara virus (ARAV), a Brazilian hantavirus, was obtained in Escherichia coli . To evaluate ARAV rN as antigen for antibody detection, serum samples from 30 patients from Argentina seropositive for hantavirus were tested. All samples were positive for IgG and IgM by enzyme-linked immunosorbent assay (ELISA) using either ARAV rN or ANDV rN antigens. In Brazil, six of 60 serum samples from patients with suspected HCPS (10%) were positive for IgM by ELISA using ARAV rN antigen and 7 were positive using ANDV rN antigen. For results obtained with 90 serum samples analyzed by IgM ELISA with ANDV rN antigen, the sensitivity of the IgM ELISA using ARAV rN antigen was 97.2%, the specificity was 100%, the positive predictive value was 100%, and the negative predictive value was 98.1%. The results show that ARAV rN is a suitable antigen for diagnosis of hantavirus infection in Brazil and Argentina.
São Paulo, Brazil. Comparisons were made with the rN antigens of SNV (National Institutes of Health, Bethesda, MD) and ANDV (National Institute for Infectious Diseases, Buenos Aires, Argentina). 4 The tests using ARAV rN antigen were performed in the same manner with ANDV antigen at the National Institute for Infectious Diseases, and with SNV and ANDV antigens at the Adolfo Lutz Institute. 5 In Brazil, 18 serum samples from persons with dengue or another acute febrile illness who were seronegative for hantavirus were tested by IgG ELISA with SNV and ARAV rN antigens. 6 In addition, serum samples from 60 patients with a clinically suspected diagnosis of HCPS routinely submitted to the laboratory for serologic diagnosis of HCPS by IgM ELISA using ANDV rN were tested using ARAV rN antigen. 4 In Argentina, samples from the bank of serum samples ANLIS (National Institute for Infectious Diseases Dr. C. G. Malbrán) were used for testing by IgM and IgG ELISAs with ARAV rN. Thirty human serum samples from HCPS patients with a diagnosis confirmed either by reverse transcription-polymerase chain reaction or seropositivity for IgM or IgG by ELISA for ANDV were re-analyzed for IgM and IgG by ELISA using ANDV and ARAV rN antigens ( Table 1 ) .
IgG ELISA using ANDV, SNV, and ARAV rN antigens. All commercial reagents used for the IgM and IgG ELISAs were obtained from Kierkegaard and Perry Laboratories (Gaithersburg, MD). Tests were performed as described. 4, 5 Briefly, polystyrene microtiter plates (Polysorp, Nunc, Denmark) were coated overnight in a wet chamber at 4°C with 4 µg/mL of ANDV rN, SNV rN, or control antigen, or with 2 µg/mL of ARAV rN antigen and the respective control. All incubations were conducted at 37°C for 1 hour and plates were washed six times with wash buffer (phosphate-buffered saline [PBS]-0.1% Tween 20) between each step. All reagents were added at volumes of 0.1 mL. All serum samples were diluted 1:400 in dilution buffer (5% skimmed milk powder in PBSTween-20) and 4-fold dilutions up to 1:25,600 were added to the antigen-coated wells. Peroxidase-labeled affinity-purified goat anti-human IgG Fc antibody was added and specific antibody binding was detected by the addition of 2,2'-azinobis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) substrate with absorbance measured at 405 nm. Values were expressed as the optical density (OD) obtained with ANDV antigen or ARA rN antigen minus the OD values for the control antigens. The cut-off value of the test was determined by the mean plus 3 standard deviations of the ODs obtained for at least 4 negativecontrol serum samples plus 3 standard deviations of the mean.
IgM ELISA using ANDV and ARAV rN antigens. A capture IgM ELISA using ANDV and ARAV rN antigens was performed as described. 4 Briefly, U-bottom polyvinylchloride microtitration plates (Falcon, Irvine, CA) were coated with a 1:1,000 dilution of an affinity-purified goat antihuman IgM (µ chain) antibody. All reagents were added at volumes of 0.1 mL. All incubations were conducted at 37°C for 1 hour and the plates were washed six times with wash buffer (PBS-0.1% Tween 20) † Age is in years, except for serum 3, which was from a patient 4 months of age. ‡ The IgM serum dilution was 1:1,600 and the IgG serum dilution was 1:400. 
RESULTS
Serum samples from 18 persons in Brazil seronegative for hantaviruses were negative at a dilution of 1:400 by the IgG ELISA with either ARAV or SNV rN antigens. Conversely, serum samples from 30 persons from Argentina seropositive for hantavirus were positive at a dilution of 1:400 by the IgG ELISA with either ARAV or ANDV rN antigens. All serum samples from Argentina reacted with ARAV rN antigen, although when differences in OD values greater than 0.5 between the 2 antigens were considered, approximately the same proportion was found. Thus, 6 (10%) of 60 serum samples from patients with suspected HCPS in Brazil were positive at a dilution 1:400 by IgM ELISA with ARAV rN antigen, and 7 (11.6%) were positive by IgM ELISA for ANDV rN antigen ( Table 2 ).
All serum samples from 30 persons in Argentina previously infected by hantaviruses were positive at a dilution of 1,600 by the IgM ELISA with either ARAV or ANDV rN antigens ( Table 1 ) . OD values for both antigens varied between each other in approximately the same proportion.
Results obtained for 90 serum samples analyzed by IgM ELISA with ANDV rN antigen as the gold-standard showed that the IgM ELISA with ARAV rN antigen had a sensitivity of 97.2%, a specificity of 100%, a positive predictive value of 100%, and a negative predictive value of 98.1%. However, one of the patients (patient 13 in Table 2 ) was seropositive by IgM ELISA with ANDV rN antigen, but not with ARAV rN and was later confirmed to have acute Chagas disease.
DISCUSSION
The diagnosis of hantavirus infections has been routinely confirmed by the presence of antibodies to these viruses detected by ELISA. For that purpose, ideally, native hantavirus antigens should be used for higher sensitivity. 4, 5 However, the biosafety conditions necessary to propagate hantaviruses and their slow replication and variable yield in cell cultures make it difficult to produce large quantities of antigen for an ELISA. Therefore, recombinant protein antigens are a convenient alternative for hantavirus serologic analysis. [4] [5] [6] Considering that hantavirus nucleocapsid protein elicits strong humoral immune response in infected patients, we produced a recombinant ARAV N protein in E. coli that was used for detection of IgG and IgM against hantaviruses by ELISA in serum samples from patients with suspected hantavirus infection from Brazil and Argentina.
Virtually the same results were observed with 48 serum samples tested by IgG ELISA using SNV or ARAV rN antigens in Brazil and ANDV or ARAV rN antigens in Argentina. The cross-reactivity observed for ANDV and ARAV in the 30 serum samples from Argentina has been reported for many hantaviruses 1, 4 and is supported by the phylogenetic relationship between these two viruses. 1 All American hantaviruses are related to rodents of the sub-family Sigmodontinae , and ARAV and ANDV are similar to each other because of their geographic proximity. 1 Testing of 90 serum samples from patients with suspected or confirmed HCPS enabled us to determine that the IgM ELISA using ARAV rN antigen has a high sensitivity (97.2%), specificity (100%), positive predictive value (100%), and negative predictive value (98.1%). The only divergent result occurred with a sample positive by IgM ELISA for ANDV rN antigen, which was negative for ARAV rN antigen. However, this result may have been caused by the high specificity of the ARAV rN antigen because it was later confirmed that this serum was from a patient with acute Chagas disease. It is likely that the high levels of IgM present in the serum of this patient caused the false-positive result.
Our results show that SNV and ARAV rN antigens for the IgG ELISA and ANDV rN and ARAV rN antigens for the IgM ELISA are similar in sensitivity and specificity for the serologic diagnosis of hantavirus infections. These results should encourage the use of the rN of ARAV as antigen in ELISAs for detection of antibodies to hantaviruses in Brazil. Considering that little is known about the seroprevalence of hantavirus infections in different regions of Brazil, the rN protein of ARAV could also be used in serologic surveys for human and rodent samples. Our results show that ARAV rN antigen could also be used for diagnosis of hantavirus infections in Argentina.
